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2 Abstract: A method and system to measure misalignment enor between two overlying or Interlaced periodic stmctnres (13, 
IS) are proposed. The overlying or interiaced periodic sinictines are iOuoidoated by incident radiation from a light soarce<101), and 
Q the diffiacted radiation of the mcident ladiation by the overiying or interlaoed poiodic stractuxes are detected by a detector (123, 
^ 125) to provide an output stgnaL the misalignment between the overiying or interlaced periodic stnictmes may then be detennined 
^ fiom die output signal 
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FEBIOiOlC PATTERNS AND TECSNIQliE 
TO CONTROL MISALIGi<]MENT 



BACKGROUND OF THF. INVENTION 

Hie inventicin lelates in geneFal to metrology systems far measunqg periodic 
stnictures sudi as overlay targets, md, in particnlar, to ametioto^ 
difi&acted.ligitit fiir detectiiig misaligmneat of such stroctuiefi. 

Oveday aror measnremeot leqoires spedaO^ designed marks to be 
15 ^frategicaUy placed at various locations, normalfy in fl» scribe 

(Mtliewaftnfixreadi process. The aHgament of the two overlay targets fiom two 
oonsecuttive prbcettes is measured for a number of locatians on tibe wafer, and flie 
overlay enor miv aodss the wafer is andyzed to provide feedb^ 
cbniiol of lifliogrqilfystqqMEB. 

20 -A. lay ptocisss control parameter in the manufecturing of integ^ 

the meastaremdit of overlay target alignment between successive layers on a 
semioonductar wafer. If the two overlay targets are misaUgned relative to each other, 
then the elecfranic devices fibricated will malftnction, and the semiconductor wafer 
will need to be xewodced or discanled. 

25 Measurement of overlay misregistration between Uqw is bong perfiamed 

today with optical microscopy in different variations: brightfield, darkfield. confi»caI, 
and interfraaice miaxwcopy. as described in Levinson, lidngr^aiy Process 
Conlrol," chapter 5, SPE Press VoL TT28, 1999. Oveday targets may comprise fine 
structures on top of the wafer or etched into flie satiactt of the wafer. For example, 
one overiay target may be formed by etching into the ^er, while another adjacent 
oveday target may be a resist layer at a higher elevation over the wafer. The target 
being used for this purpose is called box-in^Kn whae die outer box, nsnaUy 10 to 30 
Hm, represents Ae position of the bottom layer, whUe the inner box is smaUer and 
rqjresenls die location of the upper layer. An optical microscopic image is grabbed 
35 for fljis target and analyzed with image processing techniques. The relative location 
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of ttie two boxes Tq)res exits "^lat is called fte oVeday inisregj5tration» or ttte oveilay. 
The accuracy of (he optical microscope is limited by the accuracy of flie line profiles 
in &e target, by aberrations in the illominadon and iittagin g optics and by the image 
saizq>]ing in ttie camera. Such methods are complas and ttiey tisquiie fid! imagiQg 
'5 optica Vibratian isolation is also required. 

Iliesetedibiquessufirerfiomanuniberofdra^ I^iist, the gniUbed target 
inmge is hig^dy sensitive to flie optical quality of flie system, \|riddi is imer ideal 
The optical qualify of fhe system may produce emus in the calculation of flie overiay 
misregistrati^iiL Second, optical imaging has a fimdamental Kmit on jeacihition, vdikh 
iO afieetstfaeaccuAcyof ttiemeasaremeDt Iiiixd» an optical microscope is a relatively 
buliy systeiiL Jt is difficult to integrate ail optical micxosoope into aiitiotiier systism, 
suchastheendofflietriadcofaMogrq)Ucste|)per8ystenL It is desirable to develop 
an inqxroved system to ovenxmie ftese drawbacks. 

SUMMARY OF TEDB INVENTION 

IS Atarg^fordetemiiningndsaligDmBntbetweeatwolayenofadeiVito 

periodic sibiictures of lines and spaces on the two different layers of a device. Hie 
two periodic structures ovexlie or are interlaced with each ottier. The layas or 
periodic structures may be at the same or different h^g^ts. In one enibodiment, either 
.&e first periodic structure or the second periodic stnicture has at least two sets of 

20 int^laced grating lines having different periods, line widfi^ or duty cycles. The 
invention also relates to a m^faod of mfllnng overlying or jnh yjyft^ targ^. 

An advantage of the target is &e use of Hit same difBnctioin system and flie 
same target to measure critical dimension and overlay misregistratioiL Another 
advantEige of fiie measurement of misregistration of flie target is ttmt it is fim finxm 
25 q^ficalasynuhetriesnsoalty associated widiinaagjng. - 

The invention also relates to a method of detecth^ misalignment between two 
layers of a device. The ov^lying or interlaced periodic structures are ilhiminated by 
incidoit radiatiorL The dif&Ected radiation fiom tte overlying or interlaced periodic 
stmctures is used to provide an ou^nt signaL In one onbodhneot, a signal is derived 
30 fiom the on^ut signaL The misaHgnment b^een the stziictures is detommed fiom 
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flie oti^ut sigoal Of tte denved aignaL In one embodimaH, the oiitput signal or flie 
dedved signal is CDntpared wifli a rrference signal A database tbat conrelates the ^ 
imsafigDmedt with data related to dif^^ 

Ah advantage of fliis mefliod is be use of on^ one incident ladiadon beam. 
5 Another advantage of ibis mf^boA is flie higji seo^vit/ of zcwMWder and fiist-oider 
diiB&acted fi^ to the ovarlay misitgistEatiQn between the laym. la particular, 
properties which exhibited high seositiviQf are intensity; phase and polarizatioii 
properties of zaxMirder diflftaction; differential mtoisity between the positive and 
negative first-order diflfiBction; difiFoential phase between fbs positive and negative 
10 first-oidCT diffraction; and difEerential polarization betweea ibe positive and negative 
first-order diflfraction. These prop«tics also yielded linear gt^dis when ptotted ' 
agamst the ovoiay misaKgnmait This method can be used to H«term;t.i> 
.misalignment on the order of nanometers* 

In one onbodinienl; a neutral polarization angl^ defined as an incident 
15 polarization angle where the differential mtensity is equal to zero fbr all bvcriay 
rnisregistrattODs, is detennined. The slope of differratial intensity as a function of 
hicideiit polarization angle is highly Imear when ptotted agamst the overiay 
misregistration. Thislinev behavior reduces die number of pararnetefs that need to 
be determmed and decreases die polarization scamungiieeded. Thus, the mediod of 
20 detecting nusaUgnment is &sterv(4ien using die dope measure 

The invention also relates to an apparatus for detecting misaHgnmrat of 
overlymg or mterlacedpmodic structures. The apparatus comprises a source, at least 
one analyzer, at least one drtector. and a fflgnal pn)cessor to detennme m 
of overlymg or mteriaoed periodic structures. 

25 Bl^F DESC REPIION OP THE DRAWINGS 

Figs, larlh are ctoss-sectional views illustrating basic process stqis m 
sendccmductor processing. 

Fig. 2a is a cross-sectional view of two overlymg periodic structures. Figs. 2b 
and 2c are top views of the two ovedymgpeiiodic structures of Fig. 2a. 
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Fig. 3 18 a top vie^ of two ovoiyiDg periodic structures iUnstxating an 
embodiment of ttie idventiosL 

Figs. 4a and 4b are ooss-seCtional views of ovedying or iiiteilaced piadodic 
strtictores iUnstraiing oQier eQ^bo^ 

5 Fig;. Sa and Sb ait cross-sectional views of two mtP^i^ penodic structures 

illustrating intedaced gratings in aa onbodinieot of the inve^ 

' Fig, 6 is a CTOSS-sectional view of two intrfaced pariodie rimcfairaa ilTiifitHttfng 
interlaced gratings in anotha* ctorix^^ 

Figs. 7a and 7b are schematic views illustraling negative and positive ovcrisy 
10 shift, lespectiveiy. 

Fig. 8 is a schematic view iUosliatiqg the difllaction of lig^ fiom a gialing 
slnictixre; 

Fig. 9a is a schematic block diagram of an optical system that measm«s zero- 
order diffiaction fioin ovedying or interlaced periodic structures. Fig. 9b is a 
1 5 schematic blodc diagram of an integrated system of the optical system of Pig. 9a and a 
deposition instrument. 

Figs 10a and 11a are schematic block diagrams of an optical System fliat 
measures fiist«order difi&action fiom a normal incident beam on overlying or 
inttelaoed periodic structures. Figs. 10b and lib are sdhematic block-diagrams of 
20 integrated systems of the optical systems of Fig. 10a and 11a, respectively, and a 
dq>osition instrument 

Hgs. 12a and 12b are gr^hical plots of derived signals fiom zero-order 
dif&action 6f incident radiation on .overlying structures. 

Figs. 13-14 and 16-17 are gnqihical plots of derived signals fiom firstnaider 
25 diffiaction of indd«t fa^ation on oVerlyinig fe a ifc t ui e a r FiiB. 15 is a gn^ucal plot 
illustrating the mean square enor. 
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Figs. 18-19 and 21-22 ate grqdddd plots of derived signak fiem 2ao-oider 
diffacdm of incident radiarinn ^ interlaced gratinflff. Figg. 20 and 23 are grsphical 
plots iUustratiiig flic mean square ecnar. 

Fig. 24 is a grapUcalplot iUostiBtiiigflie detennination of misafigmtiait fiom 
5 a stope near a neutral polarization angle. 

For simplidty of descriptioiiy identical conqwnenls are labeled by flie same 
immefals &i fhis qiplicalion. 

DETAILED DESCMFnON OF THE EMBQPIMEWTS 

Kg. 2a is a eross-sectional view of a target 11 conqirising two periodic 
10 structures 13, IS on two layers 31, 33 of a device 17. The second periodic structure 
15 is ovei^dilg or interlaced with Oe first periodic st^^ the layers and fiie 
periodic structures may be at &e same or diffooit hei^. Tbe device 11 can be any 
device of wbidi the aligciment between two layers, particularly layers having ctyiyii 
fisatmes <m structures, needs to be detmnined. Tliese devices are typically 
15 semicondttctDr device^; thin films fixr magnetic heads fiir data stcm^ devices sudi as 
tape recorders; and fiat displays. 

As shown in Kgs. la-lh. a device 17 is generally formed in a basic series of 
steps for each layw. First, as shown in Fig. la, a layer 2 is formed on a 
sttniconductor substrate 1. The layec 2 may be formed by oxidization, diffusioii, 

20 implantation, ev^xnation, or depositioiL Second, as shown in Fig. lb, itsist 3 is 
dq)08itedonthelayer2. Third, as shown in Fig. Ic, the resist 3 is selectively exposed 
to a fenn of radiation 5. This selective exposure is accon$>lished with an e]q)osuie 
tool and mask 4, or data tape in electron or ion beam lithogr^hy (not shown). 
FoufO, as aihowh in Fig. Id, the resist 3 is developed The resist 3 protects flie regions 

25 6of&elayer2lh[atitcovers. Fiffli,a5diowninFig. le,tfaeex^ 

layer 2 are etched away. Sixdi, as shown in Fig. 1^ the resist 3 is removed* 
— AKmiatii^y, in another embodiinenl, another material 8 can be deposited in fiie 
q)aces7,assbowninFig. l^oftfae etched layer 2, as shown in Fig. Ig, and fiieresist 
3 is removed after fiie dqx>sition, as shown in Fig. Ih. This basic series of steps is 

30 repeated for each layer until file desired device is formed. 
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A fiist lay^ 31 and a second layer 33 can be any layer in fte device. 
Uttq)atteni6d semiconductor, metal or dielectric layers may be deported or gptvm oa 
top nndemeatt, or between &e first kyer 31 and 1^ 

Ihepattemforflie first periodic structiue 13 is infiie sfljmemask asftepattatn 
5 fixrafiistlayerSl of die device^ and the pattern for fee second periodic s tr u c ture 1 S is 
lA fee same mask as fee pattern for a second layer 33 of fee jiteWce. in one . 
embodiment^ fee first periodic stnictdie 13 or fee second periodic stiuulure IS is fee 
etcbed spaces 7 of fee first layer 31 or fee second layer 33, respectively, as shown in 
Fig. 1£ In andfeer embodiment ffae first periodic structure 13 or fee second periodic 

. 10 ^bucturiB 15 is the lines 2 of fee first layer 31 or fee second 1^« 

showninfig. 1£ banofei^ embodiment, fee first periodic 8tfuctun» 13 or the second 
periodic structine IS is anofeer material 8 deporited m fee spac^ 7 df fee &sl Hyet 
31 or fee second 1^ 33, respectively, as shown in Fig. Ul In yet adofeer 
eifibodiment, fee second kiyer 33 is resist and fee setocmd periodic structure 15 

IS resist3gnitingia8 8h0V^inFig.ld 

The first pieriodic stmctme 13 has fee same alignment as fee first layer 31,. 
snu» fee samemadc was used for the pattem for fee first periodic stnicture 13 
fee pattern for fee finst layer 31. Similarly, fee second paiodic stractnie IS has fee 
same alignmeut as fee second layer 33. Thus, any overlay niisregistratiGdDi eiror in the 
20 alignment between the first layer 31 and fee second layer 33*will be reflected m the 
alignment between fee first periodic structure 13 and the second periodic structure 15. 

Fig. 2b and 2c are top views of target 11, In one embodiment, as illustrated in 
Fig. 2a, fee first periodic structure 13 has a first sdected widfe GDI, and fee second 
periodic structure IS has a second selected widfe CDZ The second selected widfe 

25 CD2 is less fean the first selected widfe CDl. The pitch, also called llie period or the 
unit cell, of a pieriodic structure is fee distance afte^wbidithbp The 
distance betweoi fee left edge of the first periodic structure 13 and fee left edge of fee 
second pe riodic stmctuie 15 is d|, and fee distance b^een fee right edge of fee first 
p^odicstnicture 13 and the right edge offee second periodic structure 15 is d2. hia 

30 preferred embodiment, when layers 31, 33 are properiy aligned relative to -each other, 
fee second periodic stmcture 15 is coitaed over fee first periodic str u chre 13. hi 
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otfaef words, ^eia flie secMid periodic structaie 1 5 is perfect centered over tiie fiist 
p^odic stractnre 13, Ibe inisi^Bgi^^ h tbis anbodimeat, flie 

iid£se|j8tradQ& is indicated by To obtain misregistration in bofli tiio X ai^ Y 
diiectioais of flie XY cooidinale systean, anoflier taiget 12 coiqpiisiz^ two periodic 
S strfiictures 14, 16 fflmiUr to taigrt 11 is placed sobstantiallypeipeadiciilar to taiget 11, 
as shown in Fig. 2c. 

The taiget 11 is paiticiilarly desirable foruse in ph0to]ifiiogrq>hy, v/bm the 
fii^ hyef 31 is e^)osed to radiation for pattfflung pinposes of a se^ 
atfd the second layer 33 is resist In one embodiment, tiie first layer 31 is etdied 
10 silicon, and the second layer 33 is resist 

Fijg^ 4a and 4b show altenulive embodiments. In one embodiment. Fig. 4a 
ilhistrates a first periodic stnictiire 13 of oxide having a tn^ezoidal shq>e on a first 
layer 31 of silicon substrate and a secmd periodic structme IS of resist wifli a second 
layer 33 of resist The first layer 31 ofsilicon is ctdied, and shsdlow 

15 CSrn oxide is dqwsited in the spaces ofttectdied silicon The lines of STl oxide 
form Ae first poiodic structure 13. An oxide layer 34 and a uniform polysilicon layer 
35 are deposited betwe^ die first layer 31 of silicon and the second layer 33 of resist 
The configuratian in Fig. 4a shows a line on q>ace configuration, v^iiere the second 
periodic structure 15 is placed aligned wifli the spaces between the firet periodic 

20 stnictnre 13. The invention also eocompasses embodiments such as die line on line 
.configuration, where the Knes in die second periodic structure 15 aie placed on top of 
and aligned widi the lines in die first periodic stnictnre 13, as shown by die dotted 
lines in Fig. 4a. 

In anotiier embodunent. Figure 4b ilhistnites a first periodic structure 13 of 
25 tU^gstBne«lAled in a first layer 31 ofoxide and a second peri^^ 

widi a second layor 33 of lesi^ Hie first layer 31 and die second layer 33 are 
separated by an ahnninmn blantet 37. 

The~i]]vention relates to a m^iod of m^g a target li~ Xfirst paiodic 

structnre 13 is placed over a first layer 31 ofa device 17, A second peiodic stmcture 

30 15 is placed over a second kyer 33 ofdie device 17. The second periodic stn^ 
is overiyiog or interlaced widi flie first periodic structure 1 3. 
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fit one cmbodhneoty moflier targel 12 is placed scibstandally pepeodiddar to 
izrg^ n, as sho^ in Fig. 2c. A fhiid periodic stmctme 14 is placed ovet the fizst 
layer 31, and a fourth periodic atcucfane 14 is placed over the 8ec(md layer 33. Hie 
itaxA periodic stiuctin^ 14 is substantially perpendicular to tfie first periodic stnicture 
5 13, add the fyvaOi periodic stiuuUite 16 is substantially perpendicular to second 
periodic structnie 15. 

An advantage of flie target 11 is that fbemeasuroneot of sustipgistiatiQnof Ite 
target is firee fixnn optical asymmetries usually associated ^wifli imaging. Anoflier 
advantage of tUs measuremeait is diat it does not require sciaoimng over the targrt as it 

10 is done with other tedmiques. sudi as in Bareket, US. Patent 6,023,338. Anoflier 
advantage of the target 11 is flie elimination of a separate difiOfaction system and a 
dififeient target to meaisure die criticddime^ Hie 
critical dimeosion. or a selected widdi of a periodic structure, is one of many target 
parameters needed to calculate misregjistratiorL Using the same difi&action system 

15 and the same targj^ to measure both flie oveday misregistration and the CD is metre 
efSciCTl Hie sensitivity associated with the CD and flhat wifli the misregistration is 
distinguished by usmg an enibodiment of a target as shown in Fig. 3, The second 
periodic structure 15 extends fixrtfaer to an area, the CD rpgion 21, yiftim the first 
periodic structure 13 does not extend. The first selected width CDl is measure 

20 b^m placing die second periodic structiire 15 on the device 17/ Afifir&rm^ 
targ^lfae second selected widfliCD2 alone can be measured in the CD region 21. In 
a separate measurement, die misr^jstration is determined in an oveday region 19 
where botii die first 13 and second 15 poiodic sliuctui ca fie. 

Fig. 5a and 5b are cross-sectional views of an embodimeait of a target having 
25 interlaced gratings. The first periodic stnicture 13 or the second periodic stiiwtnre 15 
has at least two interiaced grating fines having diflferent periods, line wid^ 
cyt:les. The first periodic stmcture 13 is patterned with the same miiBTr ti ^qf ^ ft^ 

first layo- 3 1» and the secorid periodic structure 15 is patterned with the same made as 
that for flie second layw 33. Thus, ie first periodic"^<toe ^3^ has tiie same 
30 aUgnmeul as the first layer 31, and the second periodic structure 15 has the same 
afignm«it as flie second lay^ 33. Any misregistration betwem the first layer 31 and 
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dw seoond layer 33 is reflected in flie misregistFatioii between fte fiist peiiodic 
sthictole 13 and flie second periodic staic t u ie IS. 

In the embodiment shown in Hgs. Sa and Sb, the first periodic stnicturc 13 has 
two intealaced grating lines SI, 53. The first interiaced grating lines 51 have a line- 
S width Li, and the second interlaced grating lines 53 have a line-widfiil^^ thesecood 
periodic stroctute 1 5, as shown in Fig. 5b» has a line-widfli L3 and is centered between 
the first interlaced grating lines 51 and flie second interiaced grating lines 53. The 
distance between die ri^ edge of be first interiaced gratmg SI and the adjacent left 
edge of the second interlaced grating 53 is represented by b> and die distance between 
10 die rig^ edge of die second periodic stroctuxe 15 and die adjacent left edge of the 
second interlaced grating 53 is rq>resentcd bye. The nodsregistrationbetweQi die first 
layer 31 and die second lays' 33 is equal to die niisre^;istration e between the first 
periodic structure 13 and the second i>eriodic sUndur e 15.- The misiegistradoneis: 

a) 



Where a=0, die .resulting periodic structure has the most asydimetric unit cell 
composed ofa line widiwiddiofl^+La and a line widiwi Where c=4>-L9, die 

resulting periodic structure has die most symmetric unit cell cQnq>08ed of a line wiOi 
widdi L1+L3 and a Une with widdi La, For exan^le, if die two layers are made of the 
20 same matoial and L|«=I^IV2, tiien die lines art; identical where o*K), while one Une 
is twice as wide as the other line where c^b-Ls. 

Fig. 6 shows an alternative embodiment of a target having interlaced gratings. 
The first periodic structure 13 is etdied silicon, and die second periodic target IS is 
resist The first hyer 31 of silicon substrate and die second layer 33 of resist 
25 separated by an oxide layer 39. 

^ Ibe invention also relates to a mediod of making a target 1 L A first periodic 

structure 13 is placed over a first layer 31 of a device 17. A second periodic structnre 

15 is placed over a second layer 33 of die device 17. The second periodic stracture 15 

is overiying or interiaced witii die first .periodicstmcture 13. Eidier die first periodic 
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stnicture 13 or the second periodic stiuctute 15 has at least two inberiaced grating 
lines having diffeiEciit peri<xl8, lin^ 

An advantage of interiaoed gratfaigs is die 
shift of tbfe misregistration fnxn flie symmetcy of the intedaced gratb|^ Figs. 7a and 
5 7b ate schematic diawingg ilhistzaiiQg negative and positive overi^ Whift^ 
respectively, in the Xdirecdon of fhe XT coQidinatesyst^ Center line 61 is fiie 
center ofagFBth« 63. Whendie jsrating63isafignedperfbcfly»t^ 
aligned ^fh the YasdaofdieXir coordinate system. As shown in Fig. 7a, a negative 
overiay abifi is indicated by tbe center line 61 bdng in die negative X direction. As 
10 diownmFig.7b,apositiveovetlaydnftisindic8tedbydiec^^ 

. pbsitweX direction. The negative overfaydiift is iMcated by a negative mnnberfiir 
fhe misregistration, and the positive oveday diift is indicated by a poathfe noinber ftr 
the misregistration. The misregistration can be d^emciined nsmg the method 
discussed betow. In die case of the interlaced eratings. a negative averiay gKtft n^f^ 
IS in a more symmetrical unit cdl, as where cf4>-L9, discussed above. A positive 
overiay shift results in a more asymmetrical miit cellj as whene cgft^ <HMTSsed abtfve. 

The invention relates to a mefliod to detgrnine miMKgrm^ft nt mring <tiffiar?t^ 
. Ught Fig. 8 is a schematic view showipg the difi&action of fi^ fiom a grating 
structure 71. In one embodunent. incident radiation 73 havipg an oblique angle of 
20 inddence 0 ilhuninates die giating strocture 71. The gratiiig stractoie 71 difi&acts 
radiation 75, 77. 79. Zero-order difiEcacticm 75 is at die same oUique angle B to ftie 
substate as the incident radiation 73. Negative first*<irderdifibction 77 and positive 
fiist-<)rderdiffiaction 79 are also difi&acted by the grating structure 71. 

Optical syistons for determining misalignmeait of ovslying or interlaced 
25 periodic structures are illustrated in Figs. 9a, 10a, andlla. Fig. 9a shows an optical 
system 100 using mcident radiation beam 81 widi an oblique an^e of incident^ and 
drtecting zero-order difBracted radiation 83. A source 102 provides polarized incident 
ra^*4.^n_bcam 81 to jyUunun^ structure on a^wafer 91. The incident 

radiation beam may be substantially monochromatic or polydiromatic- The source 
30 102 comprises a li|^ source 101 and optionally a coUimating/ fbcusmg/ polarizing 
optical module 103. The structures difG^ct zero-order diffiacted radiation 83. A 
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collmiating^ focusing/ analyzmg Optical module 105 collects the zen>-oider difiEcacted 
radiation 83/and a lig^ ddection unit 107 detects fhe zoo-oido: dif&acted ladiation 
S3 collected by the analy» in moMiule 105 to prov2& Adgnal 
ptocessoar 109 detoxmnes any noisafignmeot between the stractmes fiom &e ou^mt 
^ignal 85. The onlput rigaal 85 is used directly Id dctggmitie iTn«1ipim^t from tfaf 
intensity W the zenH>ider diflOracted xadialion 83. fii a prefened embodimeai^ the 
Tnis a ligifme ntis detennmedbyconyariDgaiem a refereDoe signal, sudi 

as a r^foem:e signal fixiin a caUhiaticm wafer or a database^ C0Dq)iled as explamed 
bdow. In one onbodiment the rippal processor 109 calcnlatea a dcriveH cipifl l from 
file on^ signal 85 and detennines misaHgoment fiom flie derived aignaL The 
derived si{^ can include polarization <^phaseinibn]^ Ada gmi v>g«m«fit^ ^ 
m i s a Hgnrna rt is detennined by comparing the derived signal wifli a refoence signal. 

In one embodiment, optical system 100 provides elBpsomebic param^ 
vahies, i^liidi are used to derive polarization and phase infbnnation. In tfiis 

15 embodiment flie source 102 includes a light source 101 and a polarizer in module 
103, Additionally, a device 104 causes relative rotational motion between fhe 
polarizer Hi modtile 103 and the analyze in module 105. Device 104 is well known 
in the ait and is not described for Oiis reason. The polarization of die reflected li^ is 
measuredby the analyzer in module 105, and the signal processor 109 calculates the 

20 ellqisomdric parameter vahies, tsnCF} and co5(AX fiom the polarization of ibs 
reflected Ugbt The signal processor 109 uses the dlipsometric parameUr vahi^ 
. doive polarization and phase iofiynnation. The p The polarization ai^ a 

is rdated to tanCF) fluough the following equation: 



(2) 



25 tana =-i— 

tanT 



The signal processor 109 detennines misalignmoit fiom the polarization or phase 
infinmation, as discussed above; 

The imaging and focusmg of the optical system 100 in one embodiment is 
verified nsmg the vision and pattern recognition system 115. The lig^ source 101 
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piovidfi8&beamfoimagmgaiulfocDsing87. The beam fpriipaging and focusiDg 87 
isieflectedbybeamspfitter 113 and focused by lens 111 to The beam 

87 flien is reflected back tluonilittifilGQS 111 andbeamqplitter 113 to&e vision and 
pattan iecdgniticin system 115. The visLon and pattern recognition system llS tiien 
5 • srads a recognitioa sigaal 88 for keeping the wafer in fiKms ftr measuranent to flio 
signal processor 1Q9. 

Fig. lOa iDustrates an optical system llOnsangnomialinddeQtradialionbeam 
82 and detecting fiist-aider diffiacted radiation 93, 95. A sonroe 202 pcovides 
polanzed int^ent radiation beam 82 to illuminate periodic. B ti n ct u ies on a wafer 91. 

10 In tihis Qtnbcklmient, the source 202 comprises a lig^ source 101, a polarizer 117 and 
lens 111; llie structures difGnact positive first-order di£B:acted radiation 95 and 
negative first-order diffracted radiation 93. Analyzes 121, 119 collect positive first- 
oider-diffiacted radiation 95 and -negative fiistKnder difG:acted radiation 93, 
respectively. li^t detection units 125, 123 detect die positive fixst-mier difiBracted 

15 . radiation 95 and die negative first-order diffracted radiadm 93, respectively, collected 
by analyzers 121, 1 19, respectively, to provide ou^ signals 85. A signal processor 
109 determiries ariy misaligrmient between die structures fixam the output signals 85, 
preferably by co^^>aIing the ou^ut signals 85 to a referooce signaL In one 
embodiment, the si£^ processor 109 calculates a derived signal fiom the ou^rat 

20 signals 85. The derived dgnal is a ^erential signal between fte positive fir8tK>nler 
diffracted radiation 95 and the negative first-order dififracted xadiatian 93. The 
dififmntial signal can indicate a dLBaeniial intensity, a dififerential polaxizatjoo angle, 
or a differential pbase. 

Optical system 110 detennines differential intensity, differaitial polarization 
25 angles, or differential phase. To determine differendal phase, optical system 110 in 
one embodiment uses an ellq>5ometric arrangement chmprismg a Ugjit source 101, a 
polarizer 117, an analyzer 119 or 121, a lig|U d^ector 123 or 125, and a device 104 
dxat causes relative rotational motion between die polariza* 1 17 and the analyzer 119 
or 121. Device 104 is weU known in fhe art and is not described fortius This 
30 arrangement provides ellipsometric param^ers for positive . first-order diffracted 
radiation 95 and ellipsometric param^ers for negative first-order dififracted radiation 
93, which are used to derive phase for positive first<K)ni^ diffracted radiation 95 and 
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phase fo negativB fiisNiider di£feieiBd As discussed 

aborv^oneoffliedl5iBome«ricparamcteisfcoos(A),and1bep^ ^j^f^j^^j^ 
phase is dalcnlated hy subttactiiig flie phase for Hut negative fiist-anler diffiacted 
ladiation 93 fixm fte phase fnr flie positive fbst^oider diffi^^ 

to detennine diffsoitial polarization angles, in one embodimeii^ flie 
pblaiiza- 117 is fixed for the inddeat radiation beam 82, and Oie analyzen 121, 119 
ans rotated, or vice versa. The polarization angle fcr the negative fiist-oiderdifl6Bcted 
ladiatiom 93 is detennined from die change in intensity as rather die polarizer 1 17 ot 
analyzer 119 rotates. TTie polarization angle for the positive fiist-oidar diffiacted 

radiation 95 is detenmined from fee change m intensity as either tiie polarizer 117 or 
. analyzer 121 rotates. A diflFerentialpolanzationangl^ 
polarization angle fer the negative fiist-oider difBacted ladiarioo 93 from the 
polarizatiwi angle fi*r the positive first-order diffiacted radiation 95. 

To detennine afBae nti a l tntm if rity . inone embodmacat. Uta analyzets 119, 121 
ii awpoatioiiBdwilhoiit relative rotation at fte polarization angle of fliefi^ 

diffiacted ladiation 93, 95. Preferably, at ttiepolarizaliQn angle wfaete die intensity of 
the diffiacted radiation is a maximum, the intensity of the positive fitst^nder 
. diffiacted radiation 95 and the intensity of the negative first^^ 
93 is detected by the detectors 125. 123. Diffoieatial intensity is calculated by 
subtiacting the intensity for the negative first-order diffiacted radiation 93 from the 
intenaityfijrflie positive first-order difi&acted radiation 95. 

another embodiment, the diftamilial intensity is BMsasunxi as a fc^^ 
the incident polarization ansJe. In this embodiment, the polarizer 117 is rotated, and 
flib analyzers 119, 121 aie fixed. As die polariza 117 rotates, the incident 
i25 polarization angle changes. The intensity of flie positive first-oidar diffiacted 
ladito 95 and flie intensity of the n«5gadve first-<>^ 
detennined for dififemt incident polarization angles. Difiocoiial intensity is 

intensity for the negative first-order diffiacted radiation 
93 from dw i^ensityfir die positive 



20 



30 The imaging and focusing of die optical system 110 in one embodiment is 

verified using the vision and pattern recognition system 115. After incident radiation 
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lieam 82 ilhiauBates fte ^fafer 91, a fi|^ beam for imafjiig and fiioumg 87 is 
Tweeted fltroui^ fhe lens 111. poiarizier 117, and team qilitteir 113 to Oe viaoli and 
pattern lecogniticm syislem 115. Hie vision mi pattern recognition system 115 flten 
sends a leoogmtioii signal 88 far keisping Ibe 
5 signal processor 109. 

Fig. Ha iUiistiates an optical system 120 ^vhm fiist-^^^ 
beams 93, 95 are allowed to interfoe. Hie ligjit source 101, device 104, polarizer 
117, lens 111, and analyzers 119, 121 operate Qie same way in optical system 120 as 
thqr do in optical system 110. Device 104 is well known in the art and is not 

10 described for this reason. Once the negslive first-ords' difOracted radiation 93 and 
positive first-order difiSracted ladiaticm 95 are passed through the analyzers 119, 112, 
respectively, a first device causes the positive first-order diffiacted radiation 95 and 
die negative first-order difi&acted radiation 93 to interfm. In fiiis embodiment die 
first device cong>ri8es a nxolti-iperture shntter 131 and a flat beam ^litta 135. The 

15 rntdti-sgoerture shuttQ- 131 allows bodi die negative first-order difBracted radiaticm 93 
and the positive first-order difB:acted beam 95 to pass dnoug^ it The fljat be^ 
splitter 135 coinbines flie negative first-order difGtacted radiation 93 and die positive 
first-orto diffracted radiation 95. In diis embodiment; die siniTars 127, 133 change 
the direction of&e positive first-order dififractedradiaticni 95. A lig^ detection mdt 

20 107 detects the interference 89 of die two diCfracted xadiatimi signals to provide 
output signals 85. A sigpal processor 109 detennines any misalignment betwea the 
structures &om the output signals 85^ preferahly by comparing the outpnf mgnftlg ft} 
a refisrence signaL Ihe ou^nt signals 85 contain information related to phase 
difiEerence. 

25 In cms embodiment, phase shift inter&rom^ry is used to detenrune 

misalignment The phase modulator 129 shifts die phase of positive first-order 
difBracted radiation 95. Thisphasesfaift of die positive first-order diffracted radiaticm 
95 allows die signal processor 109 to use a simple algcxddim to calculate die phase 
difiisrence between the phase fi>r the positive first-order diffracted radiation 95 and the 

30 phase for die negative first-order diffracted radiation 93. 
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Differenlial intenaty and difibraitial ])olBrization angle can also be 
ddeoninedtisingc^tical system Themulti--speitinedn]tterl31 op^ 
j^lMles. . tlie first mode aUov^ 

file n^ye &st-oidar diffiaded jadiatiGn 93 Id pass fbtau^ Jn ftis mode; 
S difiTereofial phase is detemii^ Hie seocmd mode aUoi^ only 

tlie positive fiist-onia diffiacted radiation 95 to pass tinong^L b liiis mode; die 
inteosi^ and polmzation angle fin: die posits 

be detennined, as discussed above. Tlie dmd mode allows only die negative fiist- 
oider dLfi&acted radiation 93 to pass diroug^ b diis mode; fiie inienat/ and 
10 polanzation anj^e for the negative fitst-order difBscted radiation 93 can be 
detiUiuned,as discuss^ above. 

To detemiine dififerential intensity, die mniti-^>erture shutter 131 is operated 
in the second mode to detennine intaisity for positive fiistKuder difl&acted radiation 
95 and tfien in die durd mode to detennine xntoisity for negative first-ordCT difl&acted 
15 radiation 93, or vic^ veisa. Ihe differential intensity is diezi calculated b^ 

die intensity of die npgative first-order difibcted ladiation 93 from die intensity of die 
positive fixst-order difiBncted radiation 95. The signal processor 109 d^ennines 
imsalignmeat fiom die difiEerential intensify. 

Jn one embodimoit, die differential intensity is measure at different incident 
20 polarization angjes. The measurements result in a large set of data points, wKich, 
\^cn conq)aitd to a refoCTcc signal, provide a higji accu^ 
of die tdisregistration. 

To detmnine differcoda] polarization an^^e; the multi-qierture shutter 131 is 
operated in die second mode to detemnne polarization an^e fixr positive first-order 

25 diflfiacted radiation 95 and dien in die durdinode to detennine pol^^ 

n^vo first-order diflfcactcd radiation 93, or vice versa. The differential polarization 
angle is dien calculated by subtracting die polarization an^e of die n^ative first- 
onte diffrac ted radiaticm 93 fro m die polarization an^e of die positive firgt-oider. 
difl&acted radiation 95. Tie signal processor 109 determines misalignment fiwn die 

30 diflferential polarization angle. 
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The imaging and fi>cnsing of die optical system 120 is verified using the 
vision axid pattern recognition system 115 in ttie same way as tte iTrmging and 
focusing of&6 optical system 110 is in Fig. 10. In one embodiment, Ibc beam q>litter 
113 splits off radiation 89 to lefereace ligjit detection mdt 137. vMch d^ects 
S fluctuations of the li^ source 101. The le&raice detection uiot 137 
communicates infomiation S$ concerning intensity fl»'?fa«tign of sootoe 101 to the 
signal piocessmg and conqniting unit 109. The signal piocessor 109 nonnalizea fiie 
ou^ut agoal 85 using ihictuation infiaimation 86. 

Optical systwns 100. 110. 120 can be integrated with a depoaitim mirt^ 
10 200toprovideanmtegratedtool.asdiowninngs.9b, lObandllb. 

instrument 200 provides the o valyisig or interlaced periodic structores on vrafisr 9 1 in 
st^ 301. Optical systems 100, 110» 120 obtains misalignment infixmution fiom the 
wafer 91 in stq) 302. The signal processornl09 of optical systems 100, 110, 120 
provides flie Tnisalfenment to the deposition tool 200 in stgp 303. Hie deposition tool 
15 uses file misalignment infomiation to correct &r any misalignment befixre piovidiQg 
anoflia: layer or periodic structure on wafer 91in step 301. 

Optical systems 100, 110, 120 are used to detennme.flie misalignment of 
overlymg or mterlaced poiodic structures. The source providmg polarized inddeot 
radiation beam illnminfltes die first periodic structure 13 and the second periodic 

20 structure IS. Diffracted ladifttfon frtm iha itiiiwnWwl portione nf flia fyyftfjyiti g nr 

in t e rf aced periodic structures are detected to provide an output signal 85. The 
misalignment between the structures is detennined Sxm fl&e output i%F**i1 85. In a 
preferred embodimeni^ die ndsaligmnent is detennined by cmn pmng ^ output 
signal 85 widi a reference signal, sttdi as a reference signal fixmi a Gdl^^ 
25 or a database, compiled as eiqplained below. 

Hie invention relates to a method fer providing a database to determine 
misalignment of overiying or interlaced periodic structures. The misalignment of 
—overlymg or inter l aced p eriodic structures and structure parameters^ such as thickness, 
refractive index, extmction coefiSdent, or critical dimension, are provided to calculate 
3 0 data related to radiation diffracted by the strixctures in response to a b earn of radiation. 
The data can include intensity^ polarization angle, or phase mforn^ Calculadcms 
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can be peatfinmtidiisixig known equati socli as Lambda 

SW, available fiom Lanibda, University of Anzona, Tuscon, Arizona, or Gsolver SW, 
available fitnn Giadng Solver Development Cooqpany, P.O. Box 353, Allen, Texas 
75013. Lambda SW uses dgenfimctions qqnoadi, described in P. SheiDg, R. S. 
5 Steplonan, and P. N« Sandra, Bxact Eigenfimcdons for Square Wave GxatingE: 
AivlicadoDs to Diffiaction and Sm&ce Flasnxm Caloolations, PhysJbcv. B, 2907- 
2916 (1982), or the modal qipioacih, described in L. Li, A Modal Analyras of 
Lamellar LiifiEracdQn Gratings in Conical MonntingB, L Mod. Opt 40, 553-573 
(1993). Gsolv^. SW nses rigorons cbiq>Ied wave analysis, described in M. O. 
10 Mohaiam and T. K. Gaylord, Rigorous Coiq)led-Wave Analysis' of Flanar-Gratiiig 
Difi&Bction, L Opt Soc. Am. 73, 1105-1112 (1983). The data is used to canstcuct a 
database cozrelating tbe misaligmnent and the data. Theovedaymisregi&tratiQnof a 
. taigelcanflimbe detenninedbyconq)aringtteou4putagiid85 wi^ 

Figs. 12-24 were generated tixrougji conq>uta' simnlations 
15 Lambda SW or the Gsolver SW. Figs. 12a and 12b are grsq)liical plots ilhxstrating die 
ellq}sometnc parameteiB obtained using an ovedying target of Fig. 2a wiSi the optical 
system of Fig. 9a The calculations wexe performed using the Lambda SW. Ihe 
overlying targ^ used in die measurement comprises first periodic slmcUire 13 and tiie 
second periodic structure 15 made of resist gratings having 1 \jaix iepfh on a silicon 
2P substrate. The deplb of die fixst periodic structure 13 and foe second periodic 
structure IS iaO.5 pm, and foe jntch is 0.8 pm. The first sdected widfo CDl for fbe 
first periodic structure 13 is 0.4 )un, and foe second selected widfo CD2 for foe seo^ 
periodic structure 15 is 0J2 pm. The incident beam in fois embddfanent was IE 
I)olarized. These target parameters and foe ovglay nrismglstrgiipn wart mpiitfti^ frto 
25 foe Lambda SW to obtain ellipsometeric parameter values, the eUqisometric 
parameter values were obtained for zero-order difi&acted radiation using an iTipja^Bnf 
tadiadon beam 81 at ail an^e of 25^ to foe- wafor suzftce. The eOq^scmietric 
param^m, TanfF] and Cos[A], were plotted as a fimcdon of the wavdengfos in foe 
spectral range 230 to 400 nanometers. The ell q)SQmetric parameters are defined as; 

30 
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(3) 



10 



20 



1 

■wbSK Tp and are tin aa^litdde itiflecdon coefiBdents fbir tibe pCIlkf) and 8(IE) 

(4) 

whTO<))patid4>8 are the phases the p(TM) and 8(T^ Resoltswere 
dbtiined far different valuies of overiay misregifitration dj-di vaiTuig fiom -15 
nanometers to 15 nanometers in stqps of 5 nanometere. The variatioiis fbr tan[^ and 
GOs[A] show sen]sitiyity to the miaiegistration in die nanometer scale. To get znore 
accuBte assiHts, fiist-oider diffiacted radiation is detected usmg nozmal incident 
radiatiini. as ixi Figs. 13-14. 

Figs. 13 and 14 are giqducal pbts iUastzatmg the diffiereiitial intenaty 
obtained using overlymg targets of Fig. 2a and an optical system detecting fim-cider 
15 diffiacted radiation using nonnal incidait radiation. IhecalciUatioiismicpeatfbzmed 
using Gsolvcr SW. lie first pmodic layer 13 is etAed siKcon, the seco^ 
periodio layer 15 is resist The oveday misregistration and target parameters were 
mpntted into Gsolver SW to obtain the differential intensity in Figs. 13 and 14. Fig. 
13 shows the normalized differential mtensity betweoi thepositive and negative first- 
onier difi&acted radiation as a function of ovakymisregi^^ Tte difieraitial 
intensity is defined as: 

(5) 

DS^ ^''~^ % 

whm R+] is die intois^ of the podthre fii8t-<nder difi&^^ 
25 intensity of the negative fintHMdordifBnc^ The dififenot carves in Kg. 
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13 cotre^poiid to lbs difiamt inddeot polarizatiw angles Qy, 50* 60», 74'*, 80*, and 
907 oflbBincidaitliiieady polarized ligte 
pdterizBtktt tin^ a is deSofid as: 

(6) 

5 o=arctan(^) 

i«liiae is ttie fidd cdi^poneot peapadiciilar to flie plane of inddenee^ wliicli for 
nonnal inddence is flie Y con^wnent in lije Xy oooidii^ 
coBtpoatat paraUd to Ow plane of inddeiux^ wUdi for nonnal inddence is fhe X 
componeoL Polatizadan scans fiom inddeot polarization angles of 0" to 90" were 
perfonned to generate tbe grapbical plots in Rgs. 13 and 14. Fig. 14 dtows IIib 
diflFaeaitial intensity as a function of inddent polarization angle at difienot oveday 
misregistratiQn (-50 nm, -35 nm, -15 nm, 0 nm, 15 nm, 35 nm, and SOmn). Pig. 14 
shows that there is anentral polarization angle, defined as an inddent polarization 
angje where differenlial intensity is equal to zero for aH oveday miscegistntion. 
15 Figs. 13 and 14 iUustrate the high sensitivity of differential intensity to the oveday 
misregistiation and the linear bdiavior of differential intensity wifo foe oveday 
misregistration. Ttty also show that flie differential intensity is zero at zao oveday 
misn^istration for any polarization angle. Similar gi^cal plots were obtained at 
diffetent wavdengflis. Pig. 1 5 shows the mean square enor CMSET) variatiwj wifli 
20 the oveday misregistration. Hie MSE exhibits linearity and sadtivity of 
qipnixiniately 0.6 per one nanometo- oveday misregistratiQn. 

Figs. 16 and 17 are grqihical plots, using flie same taiget with difierant 
structure parameter and fhe same optical system as the ones in Pi^ 13 and 14. 
However, the calculatians were peifonned using Ibe Lambda SW, instead of the 
25 Gsolver SW. The kinks or flie deviations fiom fhe monlonidty of Ibe cmves at 
certam points in Hgs. 16 and 17 are beUeved to be due to nnnaical insttbiUties 
fiwpiently known to occur in the use of the Lambda SW. The overlay mist^gisliatian 
and foe taiget parameters were inputted into Lambda SW to obtain diffirential 
pohaization angle and differential phase in Pigs. 16 and 17, lespeetiydy. Fig. 16 
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shows the variation of flie difference between Hit polarization angles of fiie positive 
and negative fiist-orite diffracted ladiadon as a fimction of overlay ndsiegistcatiQn 
for different inddwit pdlarizatian angles ((T, 5\ 15% 30®, 45*, 60*, and 9(f). Fig. 17 
shows fte variatiQii of fho difference between the phase angles of the positive and 
5 negative first-order diffracted radiation. The phase an^e heie r^3x^seQts the phase 
diffcrcncfe between the p and s polarized conqionents of the diflfractedligShL 

Figs. 16 17 also iOiistrate flie higjh sensitivity of difbrai^ polarization 
angle and differoitial phase. lespecdvely, to tfie oveday misregjstr^aa and flie lioear 
behavior of differential polarization angle and differential phase, r^pectivety, when 

10 plotted against tiie overlay misregistratim. Ihey also show that flie difieraitial 
polarization aogle and differoitial phase is zero at zm overUy misregistratioa Ibr any 
polarization angle. However, Kg. 17 shows that the phase di£feraice does not depend 
on incident polarizati6n. b one enibodiment, the difference between flie polarizttdon 
angles, as shown in Fig. 16, is easily measured with an analyzez' at the ou^iut, while 

15 the phase differmce, as shownmFig. 17, is measured with intaferom^. la anoflier 
embodhnent, the differential polarization angle and the differential phase is derived 
fioni eUi^sometric parameteis* 

Shnilar results were obtamed Rising flie ovedying targets in Figs. 4a and 4b. 
However, flie particular targd m Fig. 4a, tfaeie was xio neub^ 

20 die line on line configDTBtioD^whm file second periodic strocture 1^ 

flie first periodic structme 13. The line on space configmation, where fbe second 
periodic structure 1 5 is centered on the spaces between the first periodfc structuie 13, 
did exhibit a neutral polarization angle. These results show Oat flie noitial 
pdlarization angle qyparendy has a compficated dependence on die stznctme 

25 paianieterB. 

Figs. 18-19 and 21-22 are grq)hical plots illustrating die intensity of die zero- 
order diffracted radiatira 83, as shown m Fig. 9a, for mterlaced gratings, as shown m 
Fig. 6. Table 1 sununarizes die parameters used in the calculations by the Gsolver 
SW. 

30 
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Param^or 


Data76 




hi 


850 mn 


850 nm 


. Ii2 




850 nm 




600 mn 


600 nm 


Mtch(P) 


lOOOmn 


2000 mn 


GDI 


150 nm 


200om 


CD2 


300 nm 


600om 


0)3 


ISOmn 


200 nm 


.Inddenoe an^e (B) 


76" 


0 


AziTDxtth angle Uii 


0 


0 


Waveloifith^JL) 


670nm 


500 nm 



The ittddence aogje is 76* in flw D8ta76 
(nocdDaQ In flie DataO ocmfigaRitioiL 



coafigmatiQn, and die inddeoce ao^e is 0^ 



Figs. 18-20 were derived using the Data76 configuration. Fig. 18 shows die 
intensity of die zertHMder diffiacted radiation vetsns the overiay misregistralion at 
diffewntpolarijation angles (0° to 90" in steps of 15«). Within a range of 140 nm, the 
change are mcmotonic with the overiay misiegist^ Hie point where aU the 
curves cross is at an owirtoymisregistntion value of 50 nm,iHth«flj^ Atan 
overiay ndst^gistntion vahie of 50 nm, the stmctore is effectively most symmetric, 
to contnBl, in an overlying targrt as in Kg. 2a, the stnictme is most synmM^ 
overlay misregistiatiotL 1% 19 shows the dependence of the mtensity of the zero- 
oider difiiacted radiation on the incident polarizatioa angle at difioeot overlay 
misregistiations (-50 nm, -15 nm, 0 nm, 20 nm,* 40 nm, 60 nm, 80 nm, 100 nm, and 
130 nm). UUikewifliihedifBirentialintenatyoflhBfii^^ 
there is not a neutral pohoization angle where the dififerentiai inteoshy is zero fixr 
diflSaoit overiay misregistration. However, there is a quasi^ieiUrid polarization angle 
Where most of the corves lor diffiaent misregistratian cross. Fig. 20 shows.ifae )i£SB 
variation as a fimction of ovedaymi8«?gistratian. Figs. 18 and 19 show the 
sensitivity of the intensity of zciOHmler difBracted nidiatira 
configuration usiiig incident radiation having an obUqne angle of inddeoce on 
interlaced gratings. Thpy also show the Imear behavior of flie intensity when plotted 
againstr 



Figs. 21-23 mre derived using the DataO configuration. Fig. 21 shows die 
25 intensify of die zoosjiderdifBacted 
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different polflrization angles (0^» 40°, 65^ and 90°). Fig. 22 shows die d^endence of 
fhe miansity of &e zero-Older difGfacted 

difEerent overlay inisregistnrtions (-140 mn, -100 mn, -50 mn, 0 xun^SO nm, and 100 
xm). Fig. 23 shows tibe MSB variation as a fimction of ov^y misiegiistration. Figs. 
5 21 adi 22 show &e id0i sensitivity of tfie intoisity of zenMnxler difiG:acted radiation 
to the oveday sign £br a configuration using normal incident radiation on intslaced 
gratings. Tliey also diow the linear bdiavior of flie intensity when plotted aga^ 
overlay misregis^ation. 

Fig^ 24 is a gnqifaical plot generated by the Gsolver SW illostiatii^ Oe . 

10 detenninationofinisaligmneiitfipomtheneutr^ AsshowninKg. 
14, the diGferential intenaty equals zero indepeiidait of the overlay nusregistradon at 
tl£B neutral polarization angle. However, fte slope of the difierenlial intensity varies 
wifli overlay misregistration. Fig. 24 c^xows the slope ilear &e naitral pohrizatiQa 
angle as a function of overlay misregistiatioiL Fig. 24 shows linear beihavior of tiie 

15 slc^ versus tile overlay misregistration with a slope of 0.038% per 1 imx overlay 
misregistratiozL An advantage ofthe slope measurement technique is the reduction of 
the numiba: of parameters that need to be determined. Ano&er advantage is tiie 
decreased polarization scaxming needed. In Fig. 14, a polarization scan using ixfiodcnt 
polarizstioii angles fiom 0**'to 90^ is performed. In contrast, using die slq>e 

20 measurement technique in one embodiment, tiie derived signal is con^ai^ with ttie 
reference signal for polarization angles within about five degrees of the neutral 
polarization angle. Thus, fiie meftod of detecting misalignmeot is fister when usmg 
the slope measurement tecfaiiiqa& Another embodiment oftbeinventkm is Ae use of 
the slope measuremeiit technique fi>r the quasi-neutral polarizatian am^' 

25 Msalignment of ovedying or interlaced periodic sLructures can be detemnned 

using flie database in a preferred embodiment The source providing polarized 
inddeot radiarion illuminates die first periodic structure 13 and the second periodic 
structure 15. Dififracted radiation fiom the illuminated portions of die ovedying or 
interlaced periodic structures are detected to provide an ou^nit isignal The output 

30 signal 85 is compared widi the database to determine die n\ft^u^mpnt between the 
overlying or interlaced poiodic structures. 
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b anofltfir einbodimeat, nusaligmnent of overiymg or int^aced periodic 
skuctms is detenniiied using Oe dope inea$araneiit tedmiqae. A n»itial 
Ifelarization angle or q^-netilndpol^^ The derived signal 

is cQSqMied iwth Oie tefetence signal near die nadnd polarization angle or the quasi- 
'5 neutal polarization angle to detomine nusalignment of the 6ycri>isig or intcdaced 
periodic stnictuTBS. 

While die invention has been described above by leferenoe to various 
embodiments, it will be understood that changes and modifications may be made 
witont dqiaiting from the scope of the invaition, vMch is to be defined only by be 
10 appended claims and their equivalent, M leferences lefeoed to herein are 
incoiporated by lefisresEice. 
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!• A targ^ for measuxing tiie lelatiye positims betweea two layers of a 



. ^ a fiistpedodicBtmctuie over a first layer of the device; and 

a second periodic structure over a second layer of flie device^ said 
second periodic structure overlying or interlaced vntix said fint periodic structure. 

. 2. Tte target of claim 1, wherein the first periodic structure has a first 
10 selected width, and the second periodic structure has a second selected widths Ihe 
second selected width beiQg less tiban tiie first selected width. 

3. The target of claim 1» wherrin said secoiid periodic structure extends 

filrihcar to an area where said first periodic stmetnna dnes pnt ggrt^id. 

.15 

4; The taiget of claim 1, i^Aerein flie first layer is etched siKcQiis and flie 
second layer is resist 

5. The target of claim 1, wherein said first periodic stniictate has a 
20 tnpezoidal shapCp the first layer is silicon dioxide, and the second layer is resist; Ihe 

first layer and the second layer being separated by an unifinm polysiUo^ 

6. The taiget of claim 1, indiereiii said first poiodic structure is tungsten 
and has a concave-tr^ezoidal 8hq>ed tq), die first layer is oxide^ and the second layer 

25 is resist, the first layer and the second layer hang geparai^ hy an fllmtiliiiim WanVe t. 

7. The taiget of claim 1, iurther comprising uiq>attemed semicondaclory 
metals or dielectric layers dq>orited or grown on top o^ underneath, or betweea the 

— ^first-and the^econd layers. 

30 

8. The target of claim 1, wherein a layer fiiat is fiie topmost layer is resist 
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9. The targft of claim 1, iidieRm flie fint penodic sinictnic has been 
eaqpQsed to radiation patterning pmpoBMnf ft 

la The taigetof daim 1, finCher oonqmaQg: 

a fimd periodic stnidure Oat is substanliaify pei]^ 
periodic Btnictui^ said Mad periodic atractnre over fbe fiist 1^ 

a fimith periodic stractane Hut is sidistantiaqy peipeodicniar to said 
second periodic slmctur^ said fbittfli peiiodfc stmctoie over second layer and 
overiyiog or intaiaced wifli said flmd periodic stnietuie. 

11. "nie target ofdaiml, wherein said fist periodic stnictoiB has at least 
two interfaced gratmg lines having difBsreat periods, lu^ 

12. 'Hie toiget of claim l.iiterein said second periodic shuctnre has at 
15 l«st two interiaced grating lines having diflfisrent periods, Ih^ 

13. A me&od for making a target, conqnising:. 

placmg a first periodic strocture over a first layer of a device; and 
placing a second periodic structure over a second layer of a device, 
wherein said second periodic strocture is oyerlymg or interlaced with said fiist 
periodic stiticture. 



20 



14. The method of claim 13, wherem said placing a second periodic 

structure mchides placing said second periodic stnurtore on an area to where sad first 
25 periodic strocture does not eocteod. 

15. The mefliodofclaim 13, finlher comprising exposing the first periodic 
strocture to ladistion fin-patterning pmposes of a senricooductor wafer. 

30 16. The method of cbim 13, fiulher oonq)rismg: 

placmg a fiiird paiodic strocture over die first hyer, i((*ereni 
periodic strocture is snbslantiany peipendicular to said first periodic street^ 
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plBciBg a fomfh periodic structure over flie second layer, ^whoeia said 
fourfii periodic structure is substantiBlly peipaidicular to said second pieriodic 
structure 

5 17. The metbod of claim 13^ wheiein said placing a first periodic stnictnre 

includes placing at least two interlaced grating lines having di£ferent periods^ line 
widfiis or duty cycles. 

18. The meduMl of claim 13, ^wherein said placing a second periodic 
1 0 stmcture includes pladng at least two interlaced grating lines having different periods, 

line ^dAs or duty cycles. 

19. A mcQiod far providii^ a database to determine ndsaligDmeot of * 
overlying or interlaced periodic structures, con^risiiig: 

IS providing infonnatiQa related to flndmess^ refiactive index, exttnction 

cociEBcient, or critical dimanmrip^ Bnd misaUgmnent of periodic atnictiires ^fc^* overiy 
interiace one another; 

deriving fixxm said information data related to xadiatian difSncted by 
the structures inrespdnse to abeam of radiatioii; and 
-20 constructing a *1^tpbflsg correlating flie nusaUgoment a^^t ttie data. 

20. The me&od of daim 19» fuithar con^nising calculating a dififercQtial 
intensity, a differeatial {diase^ or a differoxtial polarization angle fiomdie data. 

25 21. A metbod for detecting misalignmeot of overiying or interiaced 

p^odic structures, conqnising: 

illuminaling Ibe overiying or intfitlHCfid periodic structures wifh 
mcident radiation; 

detecting difi&acted radiation fiom the illuminated p<^ons of die 
30 .overlying or intaiaced periodic structures to provide an oiE^ut signal; and 

detemnning a misalignment between Ibe structures finm the ouQiut 

signal 
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22. The metfaod of claim 21^ Wtiergin gaid Hg termiiimg j^ftli^ftg emnp nrmg 

23. Hie method of claim 22, ^tiierem the lefeanence sigpal coodiarises a 
S data b as e , 

24. The mediDd of claim 21, wbmm ibe oatpat gignal cootains 
ififinmatioD related to eUqisometric parami^eis. 

10 25. The metfaod of claim 21, ^vheran overlyiiig or interlaced peifadic 

stnictuies has at least two interlaced gFating 1^ 

or duty cycles; die incidmt radiadon is incideat on die stnictures at an dbliqne an^e; 
and the diffracted ladiation comprises zmwwier dififanfiffi? . 

15 26. He method df claim 21, -wherein ovedyiiig or intearlaced periodic 

stnictiiies has at least two interlaced grating lines having difioent periods, line widflia 
or duty cycles; die incident radiation is incident on the structures at a normal angle; 
and the diffracted radiation compiifiea zertwmier Hiffrft^fm. 

2? 27. Iheniediodofclaim 21, whwdn the incidMit radiation is substantially 

normal, and die diffracted radiation comprises positive first-order diffraction and 
negative first-order dififraction. 

28. The mediod of claim 21, farther comprising calculating a derived 

25 



29. The meOiod of daun 28, wheran die derived agnal ccmtafais 
iiffoimation rdaied to intenisily, phase, or polarization angle. 

30 30. .Iii&-mediod^oL.clami-28, ..wherein die derived dgnal contams 

mfotmation related to differaitial intensity, differential phase, or differential 
polarization angle. 
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31. The mefliod of claim 28, fuxlher cQnq)rising piovidix^ a neatzd 
polflrization angle or quasi-neiHral polarization aqgl^ and ^^lierein said detennimng a 
xoisalignznent includes detennining a misaUgDment by cowpmng the derived gignul 
'wiQi the reference signal near ttie nentral polarization angle or fiie quaa-neutral 

S polarization angle. 

32. The method ofclaim31y wherein 4e derived dgnal is coaq>^^ 

fbs reference signal for polaiizatian angles wifliin about five degrees of 6ie neutral 
polarizBtij3n an^e or flie quasi-nedtral polarization an^e. 

10 

33. An apparatus &r detecting misalignment of overlying or xnteriaced 
periodic structures, conqHising: 

a source providing polarized incident radiatian beam to tihwniffate ^ 
ovedying or interlaced periodic ^ructure^ 
15 at least one analyzer coUectingdiffiBctedradiaticmfitmifliB sin 

at least one detector detecting difOncted radiation oolkcted by flie 
analyzer to provide output siguals; and 

a signal processor detennining ai^ misalignment between flie 
structures ftorn the output signals. 
20 • 

-. 34. The apparatus of claim .33, i^ierein die source provides incident 
radiation beam having an oblique angje of incideoce to iUuminate ftie ovedying cr 
i nte rl aced periodic structures, and fee detector detects ZCTo-order diflEcactiarL 

25 ' .35. The ^paratus of claim 33, wherein the source im>vides a normal 
incideirt radiaticm beam to iHuxmnate flie overlyir^ or interlaced periodic structures^ 
and fee detector detects zero-order difbactioa. 

36. Hie apparatus of claim 33, wherein fee source includes a polarizer and 
30 "-a device causing-relative.ro tatimw1 -mfttim^ and fee analyzer. 

37. The q)paratus of claim 33, wherein said at least one analyzer 
comprises a first analyzer collecting positive first*<irder diffiacted radiation and a 
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' second ana^^isr collectuig negative fiist-oider dif&acted xadiaticHi; and said at least 
on6 detector' cDnqnises a first d^ector detecting positive fiist-oideT difOracted 
radiation, and a second detector detecting negative fizst-oxder diffiacted radiation. 

5 38» The spparatos of claim 37» ^irfieran the signal processor calculates a 

derived signal fiom flie ou^t signals. 

39. The qspaiatus of claim 38, wliecdn flie derived signal contains 
infinmation related to a diffmitial intensity, a di£Esceiitial phases or a diffeitential 

10 pokrization angle. 

40. The apparatus of claim 38^ wherein dia somce mdndeg a pnlmy^ an d 
a device causing relative rotational motion between flie polarizer and die analyzeis. 

15 41. The appmtaiB of claim 40, wherein die doived signal contains 

isifiinnatidn related to a dififerential polarization angle or aphase difiGsrence derived 



42. An i|)p{tratns fin: detecting misaligomfiiit of overlyii^ or interiaced 
20 periodic stroctises, conqntising: 

a source pioviding polarized incident radiation beam to iUuminate the 
overiying or interiaced periodic structnies; 

two analyzeiB collecting fint-oidcr diffiacted radiation fiom the 
structures, fiie iSrst-order diffiacted radiation conqirising a positive first-onler 
25 diffiaction and a negative firat-oiderdifiBnactian; 

a first device interfering the positive first-order diffiaction and the 
negative first order difi&action fiom the analyzera to provide a combined diffiacted 
radiation signal; 

a deteetx»: detecting the combined diffracted radiation signal to provide 

30 ou^ut signals; and — — 

a signal processor detemiining any misaligmnent between ttie 
stnictmes fiom the output signals. - 
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43. The apparatus of claim 42, ^svberdn fiie bvtpiit agoat contains 
in&ixxkadon xelated to phase difference be^ 
' ' thb iiogHiivd fix8t-<vidfir difBwtiQn. 

S 44. An iqiparatus fat maUng overlying or intsdaced periodic stnicboes 

and detecting misafigzjmeot betvireen tiie overlying or interlaced periodu? stmctoies; 
coylijirifniig; 

a dqiositicn instrnmeot to provide the ovedying or ixiteriaced periodic 

stnictnie^ 

ti> a source providii^ polarized inddeiitiadation beam 

ovedying or intedaced periodic structores; 

at least one analyzer collecting diffiacted radiation fiom file structures; 
at least one detector detecting diffiacted radiation collected by the 
analyzer to provide ou^tct signals; and 
IS a signal processor determining any misalignmeol between die 

structures fiom the ou%nit gignq]^ and providing the wwfiflHgnTOent to fte deposition 
instrument 

45. The ^yparatus of claim 44, wherein the source provito an incident 
20 radiation beam having an oblique angle of incidence to illuminate tte overlying or 

interiaced periodic stiructures, and die detector detects zoo-order diffiacdon. 

46. The apparatus of claim 44, wherein die sonrce provides a normal 
. iotcidebl radiation beam to illuminate die overlying or interlaced periodic structurea, 

25 and the detector detects zenKnderdifiGractiQiL 

47. Ibe qjparatus of clat&i 44, wherehi the sonrce iiachides a polarizer and 
a deWce cauising relative rotational motim between fhe polarizer and die ana^mr. 

-30 — 48.--" The-i^jparatus -of-claim 44, wherem^^d- at^ least one analyzer 

comprises a first analyzer collecting positive first-order dlfi&acted radiation and a 
seomd analyzer coUecting negative first-order difBracted radiation; and said at least 
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one detector ocHnpiises a firat detect detecdng positive fiKt-orda- difftacted 
radiation, and a second defector detect^ 

49- Hie qjpaiatns of clum 48, ^erciii flie dgoal processor calculates a 
5 derived rigndfiom the oii^iit8ignal& 

50. Hie airpanlas of claim 49, ^oein die derived mgnal contains 
infematita related to a differei^ 



to 

51. Tbs sppmm of claim 49, wbeam tibe source includes a polarizer and 
adevice causing relative rotational motion between Hie polarize and the analyzeis. 

52. m apparatus of claim 51. ^wherem the derived signal contains 
15 infoimation related to a diffiaeatial polarization aa^e oraphase di£Eesenc6 derived 

fiimi eDqiisiDmetric patam 

53. An ^aratus for making overijing or inteilaced periodic sth^^ 
and detecting misalignment between the overlying or intedaced periodic structures, 

20 comprirang: 

a dq>osition instnnnent to provide die overiying or iTitcrlaced periodic 

structures; 

a source providing polarized incident radiation beam to iUnminate flie 
overlying or im^laced periodic structures; 
25 two analyzes collecting first-oider difl&acted radiation fiom the 

slructnies, the first-order diflSacted radiation cpnqnising a positive first-order 
difiBftction and a n^ative first-order diffraction; 

a first device interfering fee positive fitst-order diffi:acti<m and the 
n^ve fiist Older difBcaction fix>m the analyzers to jnovide a combined diffiacted 
30- -radiation signal; 

a detector detecting the conibined difiG:acted radiation signal to provide 
ou^ut signals; and 
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a signal pn>ces60r detemfning any misafigDmait b^weea tbe 
stroctoies firosa flie ou^mi dgnals and providiog the xmsaHgninent to the dq>ositioa 

insrt nir pe n^ 

S 54. The ^paratQs of claim S3» ^iaem flia output sigpal contaiiis 

infonnati on lelatcd to phase difference betwe^ flie poaitive fiist-ozder dif&action and 
the negative fiistr<Ader diffiactioQ. 
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□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem MaUbox. 



